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FINAL REPORT 
ARIZONA 

INTRODUCTION 

This report finalizes the Upper Gila River Fluvial Geomorphology Study. In addition to summarizing the 
other study reports and findings, this report provides conceptual level recommendations for 
demonstration projects. The purpose of the projects is to demonstrate techniques for managing the river 
that take into account the causes of the geomorphic processes that dominate the fluvial system. This 
report also contains recommendations for a general-purpose monitoring program to accompany 
demonstration projects. 

The other study reports are: 
1. Background Information – Arizona 
2. Field Data Collection Plan – Arizona 
3. Catalog of Historical Changes – Arizona 
4. Flood Frequency and Flow Duration Analyses – Arizona 
5. Stable Channel Analysis – Arizona 
6. Geomorphic Map – Arizona 
7. Geomorphic Analysis – Arizona 
8. Stream Corridor Assessment – Arizona 

These reports in Adobe Acrobat format and other supporting information are stored on the CD’s in the 
folder in the rear of this report. 

The Stream Corridor Assessment synthesizes findings of the Background Information report, Catalog of 
Historical Changes, Flood Frequency and Flow Duration Analyses report, Geomorphic Map, 
Geomorphic Analysis, and Stable Channel Analysis. Combined, these studies provide a framework for 
understanding the physical processes that shape the Gila River upstream of the San Carlos Reservation. 

The Background Information report is an annotated bibliography of the fluvial geomorphology of the 
Upper Gila River. The Catalog of Historical Changes traces changes in the Gila River plan form from 
1935 to 2000. Flood Frequency and Flow Duration Analyses analyze historical stream flow and rainfall 
data for trends. The Geomorphic Map and Geomorphic Analysis analyze the fluvial geomorphic changes 
in the river and determine causative factors for the changes. The Geomorphic Map and Geomorphic 
Analysis also document major historical geomorphic change along the river primarily related to the 
construction and subsequent failure of levees, the construction of diversion dams, bridges, and to a lesser 
degree, the influence of native and invasive riparian vegetation. The Stable Channel Analysis forms a 
quantitative basis for understanding Gila River sediment transport and channel stability. When combined, 
these studies cover historical changes in river plan form, historical trends in hydrology, historical and pre-
historical sediment flux from the upstream drainage basin, the causes of major historical geomorphic 
change along the river, and channel stability and sediment transport. 

 



 

STUDY AREA & REACHES 

The downstream limit of the study area is the San Carlos Reservation. The upstream boundary of the 
study is the Arizona-New Mexico State line.  shows the study area and several landmarks, 
tributaries, towns, and highways. The analyses exclude the Gila Box area. 

Figure 1

Figure 1. Study area between the San Carlos Reservation and the State of New Mexico. 

The length of river channel in the study area, including the Gila Box, is roughly 102 miles. There are two 
primary reaches in the study area under analysis, an upper and lower reach, separated by the Gila Box. 
The upper reach includes the river reach between the Highway 191 Bridge and the New Mexico State 
line. The lower reach includes the river reach between the downstream end of the Gila Box, near the 
Brown Canal diversion, and the San Carlos Reservation. Some of the analyses in this study further divided 
these primary reaches into sub reaches. 
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CONCLUSIONS OF STUDY REPORTS & ANALYSES 

This section presents the conclusions of the preceding study reports, including: 
• Catalog of Historical Changes – Arizona 
• Flood Frequency and Flow Duration Analyses – Arizona 
• Geomorphic Analysis – Arizona 
• Stable Channel Analysis – Arizona 

In addition, this report presents the Arizona Geomorphic Map and a summary of the Arizona 
Background report. 

BACKGROUND INFORMATION – ARIZONA 

This document reviews existing studies that contain information that may be useful in the present study 
of the Upper Gila River. The references include, but are not limited to, hydrologic and geologic data, 
accounts of floods and precipitation events, studies of channel change and erosion, sedimentation in San 
Carlos Reservoir, water resources documents, scour studies of bridges on the Gila River, links between 
flood records and climate, floods and vegetation, land use planning, water quality, and ground water. The 
document is in two parts: (1) an annotated bibliography that summarizes references that may be pertinent 
to the present study, and (2) a bibliography of related references that include water quality data, 
hydrogeological data, fisheries studies, vegetation studies, soils data, and other miscellaneous information 
that is helpful for background information. This document is subject to amendment as other references 
become available during the course of the study. 

GEOMORPHIC MAP – ARIZONA 

A geomorphic map portrays surficial features or landforms that record geologic processes on the earth’s 
surface. In fluvial geomorphology, these processes include erosion and deposition of sediment. 
Geomorphic landforms such as stream terraces and alluvial fans record sedimentary processes in a river 
system and are the basis for the delineations on the Geomorphic Map. For the Upper Gila River Fluvial 
Geomorphology Study, the Geomorphic Map illustrates geomorphic features that will aid in 
understanding recent channel changes of the Gila River. 

The objective of the geomorphic map is to provide a picture of long-term river behavior in the Safford 
Valley and the Duncan Valley. Understanding long-term river behavior is useful for providing a 
comprehensive picture of river processes, placing recent channel changes into a long-term context, 
identifying causes of channel change and property loss in the historical period, and defining the extent of 
channel migration. The maps present basic geomorphic data on black and white orthophotographs. The 
Geomorphic Map, along with the Catalog of Historical Changes (Task 7C), fieldwork, and laboratory 
analyses, are combined in the Geomorphic Analysis (Task 10), a compilation of all geomorphic data 
developed in the Upper Gila River Fluvial Geomorphology Study. 

The emphasis in this task was on defining the extent of lateral channel migration and assessing channel 
change. Geomorphic features that provide information on lateral migration and channel change include 
flood-modified surfaces, bedrock, alluvial fans, and older floodplain surfaces. Infrastructure is also a 
major factor in channel position and behavior of the Upper Gila River (Klawon, 2001). Thus, the maps 
include levees, diversion dams, and bridges. 

The Geomorphic Map combines aerial photo interpretation, field mapping of geomorphic features, 
soil/stratigraphic descriptions, laboratory analyses, and use of previously published soil surveys to provide 
a long-term picture of river behavior. The maps utilize 1:4800 scale digital orthophotographs and display 
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geomorphic features and infrastructure important in the recent lateral movement of the Gila River 
channel. 

CATALOG OF HISTORICAL CHANGES – ARIZONA 

The Catalog of Historical Changes documents changes in the alluvial channel of the Upper Gila River, 
Arizona from 1935 to 2000. The objective of the Catalog is to quantify variability in channel width during 
the historical period and identify reaches of high variability. Measurements of channel width made from 
historical aerial photography and qualitative observations of lateral migration provide the data necessary 
for an analysis of trends in channel behavior and lateral stability of river reaches. 

CONCLUSIONS 

General trends in channel changes from this study parallel those described by Burkham (1972). The early 
1900’s experienced several extreme floods, causing channel widening to 1935 (Burkham, 1972; Olmstead, 
1919). This early information was gathered for Safford Valley and may or may not apply to Duncan 
Valley. From 1935 to the early 1960’s, vegetation encroached on the channel, narrowing it. Levee, dike, 
and agricultural development also contributed to channel narrowing in this period. From the late 1960’s 
to 2000, the channel widened in response to large floods. It is now roughly the same width, on average, as 
in 1935. In most cases, flood flow widths at specific channel locations are variable, but not unprecedented 
in the historical record. 

This study has shown that although high variability exists in channel width and position in both Safford 
Valley and Duncan Valley, many channel positions are not new and channel widths are similar or smaller 
than 1935 channel widths for the Gila River during the period of study. In many of the case studies, the 
channel simply reoccupied old channel positions from earlier in the historical period. Average flood 
widths also show that by 2000, the river channel had reached an average flood width similar to the 1935 
average flood width. Some channel changes; however, in recent decades do seem to be unprecedented in 
the period of study. Examples of such cases include the channel changes near Whitefield Wash, where 
erosion between 1992 and 1997 caused lateral migration of the left and right banks and greatly increased 
the sinuosity in the reach. Another dramatic area of channel change occurs downstream of the San Jose 
Diversion, where lateral movement of the channel toward the right bank has been observed on 
photograph years of 1981, 1992 and 1997. 

The impact of floods on the Gila River channel is evident based on corresponding large channel changes 
following flood years. In Duncan Valley, the most changes in flood width occurred following the 1978 
flood and the floods in the 1990’s. In Safford Valley, changes occurred following the 1972, 1983, and 
1993 floods. The analysis of change using flood flow widths for Duncan Valley and Safford Valley show 
that Safford Valley has experienced many more perturbations in the period of study than Duncan Valley. 
This is shown best by the presence of several long, stable reaches in Duncan Valley, compared to a few 
short stable reaches in Safford Valley. Major channel changes generally occurred following large floods; 
this highlights the important point that the largest floods in the Gila River system have lasting effects that 
can be observed in channel morphology for decades following their occurrence. 

FLOOD FREQUENCY AND FLOW DURATION ANALYSES – ARIZONA 

This report summarizes flood frequency and flow duration for sites within the Gila River basin from the 
Arizona-New Mexico State line to San Carlos Reservation. These estimates were completed as part of 
Task 9 of the Upper Gila River Fluvial Geomorphology Study. The primary basis for the flood frequency 
and flow duration estimates are U.S. Geological Survey peak discharge and mean daily flow records. 

The Upper Gila River basin is located in the southeast corner of Arizona and southwestern New Mexico. 
The area in Arizona is called the Central Highlands physiographic province. Within the study area, the 
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river flows generally westward from its headwaters in the Gila Wilderness area in Grand County, New 
Mexico to the San Carlos Indian Reservation, Arizona. The main tributaries in New Mexico enter the Gila 
River upstream of Cliff, New Mexico. The major tributaries in Arizona upstream of Coolidge Dam are 
the San Francisco River, Eagle Creek, Bonita Creek, and the San Carlos River, which drain from the 
mountains on the north side of the basin, and the San Simon River, which drains from the south. 
Elevations in the drainage basin range from 5,650 feet at the western boundary of the study area (San 
Carlos Indian Reservation) to 11,000 feet in the mountains of the Gila Wilderness area (New Mexico). 

The U.S. Geological Survey has published stream flow records from many gaging stations located in the 
Gila River basin upstream from San Carlos Reservoir into New Mexico (e.g., Pope et al., 1998). There are 
many active gaging stations in the Upper Gila River. This study focuses on using data from long-term 
gaging stations located on the Gila and San Francisco Rivers, specifically these five: 

1. Gila River below Blue Creek near Virden, NM 
2. Gila River near Clifton, AZ 
3. San Francisco River at Clifton, AZ 
4. Gila River at head of Safford Valley near Solomon, AZ 
5. Gila River at Calva, AZ 

Pope et al. (1998) presents a list of basin, flood, and climatic characteristics for these sites. 

There are two main objectives of this study: (1) estimate flood peak frequencies; and (2) estimate flow 
durations at selected locations within the Upper Gila River basin, for application in subsequent fluvial 
geomorphic and hydraulic analyses. 

CONCLUSIONS 

Flooding in the Gila River basin is caused primarily by rains from fall and winter storm systems. These 
storms are generally cold frontal systems colliding with warm, moist air or tropical storms. Extreme 
flood-producing storms are widespread and generally cover the majority of the Upper Gila River basin. 
Instantaneous peak discharge data confirm that the largest-magnitude floods occur in the fall and winter 
and are predominately from rainfall. The largest floods have occurred in water years 1891, 1907, 1941, 
1973, 1979, and 1984. 

The log-Pearson Type III distribution was fit to annual peak discharge estimates at the five gaging 
stations using the Expected Moments Algorithm and available historical information. The results 
indicated that the distribution adequately fit the data. Peak discharge probability estimates indicate the 2-
year flood ranges between 5,210 ft3/s and 9,650 ft3/s at the five locations. The 100-year flood ranges 
between 44,800 ft3/s and 175,000 ft3/s at the five locations. 

A period-of-record Flow Duration Curve for the water year indicated that mean daily flows are typically 
less than about 1,000 ft3/s for 90 percent of the time at all five sites. Mean daily flows for the November-
April winter season are nearly always greater than the summer July-October season. Mean daily flows are 
zero about 10 percent of the time in the Gila River at Calva. 

GEOMORPHIC ANALYSIS – ARIZONA 

The Geomorphic Analysis synthesizes geomorphic information about the Gila River and compares 
results of the analysis to other tasks performed for the Upper Gila River Fluvial Geomorphology Study. 
The goal of the geomorphic analysis is to provide an understanding of the fluvial geomorphology and to 
explain recent geomorphic change on the Gila River in Safford and Duncan Valleys. Methods used for 
the Geomorphic Analysis include geomorphic mapping, soil descriptions and laboratory analysis. Soil 
maps developed by Poulson and Youngs (1938) and Poulson and Stromberg (1950) for Safford Valley 
and Duncan Valley, respectively, provided critical information for developing the Geomorphic Map. In 
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addition to soil surveys, soil and stratigraphic characteristics were described for 30 sites with actively 
eroding banks along the Gila River in Duncan and Safford valleys. The delineation of the geomorphic 
features used this information, along with radiocarbon analysis, aerial photography, and soil surveys. 

CONCLUSIONS 

In Safford and Duncan Valleys, the most substantial geomorphic changes in the Gila River in recent 
decades are due to changes in the magnitude and frequency of annual peak floods, as well as channel 
straightening and flood interaction with levees and diversion dams. Using soil/stratigraphic information 
and lab analyses, geomorphic mapping in these valleys indicates that the Gila River has migrated within 
the Pima Soil Boundary for the last several hundred years and within the Geomorphic Limit for at least 
the last 1,000 years. Areas of lateral change are indicated where historical floods have eroded banks that 
are mapped as part of the Geomorphic Limit or Pima Soil Boundary. 

The majority of property loss has occurred in areas of young alluvium, which is part of the active channel 
migration zone. Within this zone, lateral migration is common and it is not unexpected for areas to be 
eroded during large floods. Several areas with unusual channel geometries and erosion of banks older 
than several hundred years are clues that other factors are important in creating the current (year 2000) 
channel morphology. The Catalog of Historical Changes and the Geomorphic Map reveal the close 
correlation between the construction of man-made features and subsequent property loss during large 
floods along the Gila River in Arizona. Human factors that cause lateral instability include levee 
encroachment into the flood or active channel, diversion dams, and channel straightening. Vegetation and 
alluvial fan development may also act as controls on channel position in these reaches. The Catalog of 
Historical Changes shows that the majority of erosion occurs during high flow events such as the flood of 
October 2-3, 1983, and that channel widening is a geomorphic response to large floods. The local factors 
mentioned above appear to cause minimal geomorphic change during low to moderate flows but are the 
catalysts of substantial geomorphic change during large floods of recent decades. 

STABLE CHANNEL ANALYSIS – ARIZONA 

This report presents an analysis of the stability of the Gila River between the San Carlos Reservation and 
the lower end of the Gila Box, and between the upper end of the Gila Box and the Arizona-New Mexico 
state line. Stability, in an alluvial channel, according to Mackin (1948), “occurs when, over a period of 
time, the slope is adjusted to provide, with available discharge and the prevailing channel characteristics, 
the velocity required to transport sediment supplied from the drainage basin.” Lane (1953) defines alluvial 
stability as “an unlined earth channel which carries water, the banks and bed of which are not scoured 
objectionably by the moving water, and in which objectionable deposits of sediment do not occur.” Chien 
(1955) contends that “…the equilibrium state of an alluvial channel is attained by adjusting the 
dimensions of the cross section and the slope of the channel to the natural conditions imposed on the 
channel by the drainage basin.” 

This analysis utilizes an analytical tool named RISAD, a module of SAM, developed by the US Army 
Corps of Engineers, to analyze the channel roughness, sediment transport, and discharge in four reaches 
of the Gila River in the study area. Input into RISAD includes hydraulics produced by the HEC-RAS 
backwater model, bed material gradation data gathered during the field data collection portion of the 
Upper Gila River Fluvial Geomorphology study, and hydrology analyzed for this report based upon US 
Geological Survey stream gaging data collected at several gaging stations in the study area. The analysis 
uses hydrological data from water years 1965-2000. 

CONCLUSIONS 

This analysis indicates that the results of the stable channel modeling are consistent with the geometry of 
the Gila River in the study area. The modeling indicates that the river is moderately unstable at the 
effective discharge in many sub-reaches, mostly in the area downstream of Safford and upstream of 
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Sheldon. The modeling shows that the river is stable in a few sub-reaches, mostly between York and 
Sheldon, possibly due to bed-rock controls in the area. The instability is greatest with respect to the width 
and sinuosity of the stream. In general, the channel has widened in response to an increase in the 
magnitude and frequency of floods since 1965. Without large floods in the future the channel will narrow 
and may locally aggrade, similar to the 1935-1965 period. 

For the purpose of the stability analysis, the study reach was broken into four sub-reaches. Lower Reach 1 
extends from the San Carlos Reservation upstream to Emery. Lower Reach 2 extends from the Fort 
Thomas low water crossing upstream opposite the Ashurst Cemetery. Lower Reach 3 extends from 
below the Eden Bridge upstream to the Dodge-Nevada canal diversion dam. Lower Reach 4 extends 
from the Graham canal diversion dam upstream to the San Jose canal diversion. The Upper Reach 
extends from below Sanders Wash, below Sheldon, upstream to the Arizona-New Mexico state line. 

Lower Reaches 1 & 2 
Model results show that Lower Reach 1 and Lower Reach 2 are relatively unstable. Some sections in 
Lower Reach 2 might be stable. The channel width in the Safford Valley is nearly the same as in 1935, the 
widest measured over the period of 1935-1997 (Klawon, 2001). Model results indicate that if the channel 
trends towards the minimum slope on the stable channel curve, Lower Reach 2 will experience the most 
channel narrowing. The process may include an increase in sinuosity causing widespread bank instability 
and retreat. Hypothetically, and separate from the stable channel analysis, a typical geomorphic response 
might include invasion of non-native vegetation, followed by bank encroachment and channel narrowing. 
The stable channel analysis indicates that Lower Reach 1 may be overly steep. If the channel reduces its 
slope by increasing sinuosity, bank instability and retreat will result. However, local observations indicate 
that the channel may be aggrading in the reach below Fort Thomas. More modeling and geomorphic 
investigation is necessary to determine the channel trends in this area. 

Lower Reaches 3 & 4 
Model results show that both Lower Reach 3 and Lower Reach 4 are relatively stable by virtue of the 
distribution of points about the stable channel curve. There has been significant lateral movement of the 
stream in several areas caused by both channel straightening projects, the hydraulic response to channel 
straightening projects, and the overall cycle of hydrologic regime since the mid 1960’s. Lower Reach 3 
may undergo the most channel narrowing following invasion by non-native vegetation resulting in bank 
encroachment. 

Upper Reach 
Model results show that most of the sections in the Upper Reach are in the degradational range of the 
stable channel plot. Geomorphic evidence indicates that the river is in a period of degradation following a 
period of aggradation. There are ample observations of that phenomenon in the Virden and Duncan 
areas. There are several bedrock areas and hydraulic controls that are not alluvial in nature, invalidating 
the stable channel analysis in those reaches. 

STREAM CORRIDOR ASSESSMENT 

The Stream Corridor Assessment synthesizes findings of the Background Information report, Catalog of 
Historical Changes, Flood Frequency and Flow Duration Analyses report, Geomorphic Map, 
Geomorphic Analysis, and Stable Channel Analysis. Combined, these studies provide a framework for 
understanding the physical processes that shape the Gila River upstream of the San Carlos Reservation. 
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CONCLUSION 

Systemically, the Gila River active channel widens and narrows on a decadal time scale in response to 
changes in basin hydrology, sediment flux, and riparian vegetation life cycles, as well as other factors. The 
widening and narrowing process is partly a natural response to basin hydrology. However, encroachment 
into the active channel by agriculture and invasive riparian vegetation accelerates channel narrowing, while 
widening appears to be in response to increases in frequency and magnitude of annual peak flows. The 
combined analyses of this study indicate that, on a local basis, constriction of the channel by levee 
construction and subsequent failure of significant lengths of levee, transformation of the flood channel 
into arable land, and the installation and operation of diversion dams, are the probable causes for the 
most significant property losses during large floods along the Gila River in the study reach. The findings 
of these analyses do not suggest that there is a system-wide instability in the Gila River system due to 
changes in sediment flux from the upper basin. 
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PROPOSALS FOR RIVER MANAGEMENT AND 
DEMONSTRATION PROJECTS 

This section presents conceptual ideas for potential demonstration projects for managing the land 
resources adjacent to the Gila River. Reclamation, in consultation with Graham County, the former San 
Carlos-Safford-Duncan Watershed Group, the Gila Monster, and their successors, as well as the Bureau 
of Land Management, have developed these concepts based upon the causal analysis and other analyses 
of this study, and the field review held in February 2004. These projects demonstrate means for achieving 
stakeholders’ goals and objectives. 

LEVEES 

We find that the failure of levees along the Gila River during the largest floods of recent decades caused 
significant erosion of agricultural land. Levees constructed near Whitefield Wash, the Lunt property, and 
Geronimo, and other locations, caused a disconnection of the active channel from the flood plain. This 
increased the flood stage, resulting in the failure of levees and greater erosion of the flood plain behind 
the levees. We do not specify detailed demonstration projects regarding levees here. Instead, general 
recommendations are included to guide any future construction, removal, or realignment of levees. 
Setting back levees to widths that approximate the average flood channel width will allow the river 
channel to accommodate floods rather than forcing floods to overtop levees and cause extensive damage 
to agricultural land. Figure 2 shows the locations of historical channel width measurements. Table 1 lists 
average channel widths at the locations shown in  during the historical period 1935 to 2000. 
Similar average flood channel widths defined reaches. The table includes average flood channel widths 
from 1935 and 2000 for the same reaches. Measurement points correspond to the fixed points listed in 
Appendix B of the Catalog of Historical Changes. These measurements were made across the width of 
the channel and perpendicular to the flow direction from each fixed point. 

Figure 2

Figure 2. Reach boundaries for average channel width groupings. Red text corresponds to reach descriptions in Table 1. 
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Table 1. List of average flood channel widths between 1935 and 2000. 

 Reach Description Average 
Width 

(ft) 

1935 
Width 

(ft) 

2000 Width 
(ft) 

Measurement 
Points 

1  San Carlos Reservation to 
Geronimo 

3200 4200 3700 1-2 

2 Geronimo to Porter Wash 1700 1800 1300 3-7 
3 Porter Wash to Eden North 2700 2800 2900 8-19 
4 Eden North to Fort Thomas 

Diversion 
1400 1900 1500 20-23 

5 Fort Thomas Diversion to Peck 
Wash 

2200 2000 2300 24-29 

6 Peck Wash to Lone Star Wash 1700 2400 1600 30-44 
7 Lone Star Wash to San Jose 

Wash 
2100 1900 2100 45-53 

8 San Jose Wash to Brown 
Diversion 

1600 1600 1700 54-60 

9 Brown Diversion to Head of 
Safford Valley 

900 700 900 61-62 

10 Route 191 Bridge to CA Bar 
Creek 

400 700 500 63-65 

11 CA Bar Creek to Cottonwood 
Creek 

1800 2000 1500 66 

12 Cottonwood Creek to Rocky 
John Canyon 

900 700 1000 67-70 

13 Rocky John Canyon to Apache 
Creek 

300 300 300 71-73 

14 Apache Creek to Kaywood 
Wash 

1100 1400 1100 74 

15 Kaywood Wash to Waters Wash 600 700 700 75-88 
16 Waters Wash to Woods Canyon 1300 1200 1200 89 
17 Woods Canyon to Arizona-New 

Mexico border 
600 700 800 90-101 

As discussed in the Catalog of Historical Changes, channel widths have historically been rather variable, 
with the greatest widths in 1935, followed by a period of decreasing channel widths during the 1940-60’s 
due to few large floods and encroachment in the flood channel by vegetation, levees, and agriculture. 
Large floods in the 1970’s, 1980’s, and 1990’s increased the width of the flood channel to the 
approximate width of the 1935 channel. This information indicates that although much erosion has taken 
place during the floods of recent decades, the average flood channel width at the present time is similar to 
the average width during the early part of the 20th century. As the Geomorphic Analysis describes in 
detail, the Gila alluvium marks the extent of channel migration for the past several hundred years. 
Information developed about the Gila alluvium suggests that the Gila River has been actively migrating, 
or eroding and depositing sediment, in this zone from approximately several hundred years ago to the 
present time. The Pima alluvium, or Pima soil, marks the geologic flood plain limit, where large floods 
from the Gila River may inundate the surface but have not in most cases exceeded its lateral extent for 
about the last 1,000 years. 

From the hydraulic and geomorphic information developed in this study, general recommendations can 
be made regarding land management and the placement or removal of levees along the upper Gila River. 
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Land that is within the historical channel limits, or areas mapped as Gila alluvium on the Geomorphic 
Map, should be considered to have a high risk of erosion. It is likely that flood flows will inundate this 
land or that the Gila River channel will laterally migrate into these surfaces and cause substantial erosion. 
In some areas, this width is relatively wide while in others the width is narrow. This variability primarily 
reflects the natural variability in the width of the Gila River system, although in some areas where 
structures such as bridges have existed for the entirety or majority of the historical record, the channel 
width may be artificially narrow. For example, the close proximity of the Geomorphic Limit to the active 
channel on both sides of the river at Eden Bridge creates a natural constriction in the river. In contrast, 
Measurement Point 48 corresponds to an area just downstream of the San Simon River that is artificially 
constricted by earthen levees on the south side for much of the historical period (Figure 3). This reach 
serves to illustrate two recommended options for levee management along the Gila River: 

Option 1-- setback levees to the average historical channel width of the corresponding reach in Table 1. 

Option 2-- setback levees to the width of the Gila alluvium and allow floods to inundate farmlands that 
are located in the Gila alluvium. This setback would follow the Pima Soil Boundary. 

 
Figure 3. Illustration of Options 1 and 2 downstream of the San Simon River. 

In Figure 3, Option 1 shows the average historical channel width in Reach 7 (see Table 1) while Option 2 
shows the extent required to setback levees to the width of the Gila alluvium. Figure 4, located upstream 
of Solomon Bridge, also demonstrates the two options. Option 1 would essentially involve maintaining 
the current flood channel as a corridor free of levees. Although Option 2 requires a significant portion of 
agricultural land to be without levee protection, we contend that many of the levees have done more 
harm than good in causing extensive erosion of farmlands when levees fail during large floods. The reach 
upstream of Solomon Bridge is a good reach to demonstrate these concepts without critical infra-
structure that require flood control and protection. In other areas where critical infrastructure exists, there 
will obviously be a need to maintain levees within the flood channel as well as within the Gila alluvium. 
This point is particularly relevant in Safford Valley, where diversions, bridges and canals are important for 
maintaining livelihoods and transportation routes through the region. The reach down-stream of 
Smithville Diversion illustrates an area where levees are necessary to protect Smithville canal and 
Thatcher Bridge. Downstream of Thatcher Bridge, levee setbacks are a viable option (Figure 5). 
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Figure 4. Illustration of Options 1 and 2 showing average historical channel widths for Option 1 and the levee free 
corridor for Option 2. 

 
Figure 5. Illustration of land management options downstream of Smithville Diversion, where levees play an 
important role in flood protection for Thatcher Bridge and Smithville Canal. 

In Duncan and York valleys, most of the levees constructed following the 1978 flood have since been 
eroded by more recent floods. Only remnants remain and do not appear to be problematic. In a few 
locations, the removal of levees would improve flow conveyance during large floods. Two areas in 
particular, near Kaywood Wash and the old bridge crossing north of Sheldon, would benefit from such a 
removal (Figure 6). In these areas, levee removal along the field edges and in between fields located in the 
Gila alluvium would allow the main channel to reattach to its former flood plain during floods. Levees 
along railroads would be important to retain for flood protection. 

The Pima alluvium is considered to be the geologic floodplain of the Gila River that is inundated during 
large floods. Levees along this alluvium should remain relatively low so floods are less erosive if they do 
overtop the surfaces. It could be argued, in fact, that earthen levees do more damage than good on the 
Gila River, causing large amounts of property loss when they are compromised during large floods.  If 
there were no levees along the Gila River, some of the lands within the Pima alluvium would be 
inundated but would remain relatively intact rather than lost to extensive erosion. This is an important 
point particularly in Duncan Valley where the Pima alluvium is closer to the active channel. 
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Figure 6. Levee removal recommendations near Kaywood Wash and the old bridge crossing south of Sheldon in 
Duncan and York Valleys. 

Considering the system as a whole in the strategic removal or placement of levees is the most effective 
plan to reduce property loss and damage during floods along the Upper Gila River in Arizona. As the 
Catalog of Historical Changes, Geomorphic Map and Geomorphic Analysis show, structures emplaced 
along one reach may affect reaches both upstream and downstream from the new structure. These effects 
need to be considered so that similar property loss associated with levees is not repeated in the future. If 
Options 1 or 2 were to be applied to the Upper Gila River, we would recommend devising a system-wide 
plan for implementation. 

Rivers such as the Upper Gila River are dynamic by nature, and are therefore likely to migrate laterally 
and change their course in response to large floods. It is thus possible that future property loss could 
occur despite levee setbacks and removal, especially in areas mapped as the Gila alluvium. However, 
future property loss should be less extensive than what has occurred in areas with many levees during the 
last few decades if the channel is allowed to remain at its current width (2000 A.D.) in order to 
accommodate large floods. 

BRIDGES 

Reclamation recognizes two issues associated with bridges, primarily in the Safford Valley. First, is the 
issue of access during floods. The left approach to the Solomon Bridge is readily inundated by relatively 
small floods, impairing access to this important transportation corridor. The second issue involves the 
relation of the Safford Valley bridges to the levees. As mentioned earlier, setback levees may be a 
reasonable choice for managing river flooding. Integrating the bridges into such a system is an important 
consideration of any levee scheme. 
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SOLOMON BRIDGE 

Solomon Bridge provides access to both sides of the river for county residents and emergency services. It 
is the upstream bridge in the Safford Valley, and is therefore important to residents living east of Safford. 
The left abutment and approach to the bridge is a shallow swale that relatively small floods inundate, 
impairing access to the bridge. Figure 7 shows this approach following a recent flood that inundated the 
roadway. The left abutment of the bridge is in a hydraulically vulnerable location, the former outside bend 
of the river. This location it is subject to the brunt of flood flows. Several attempts have been made to 
remedy the situation, including riprap, channelization, and willow pole plantings. 

Reclamation recommends a phased series of hydraulic remedies at Solomon Bridge. Figure 8 illustrates a 
series of seven potential actions that collectively are designed to assure bridge access and decrease the risk 
of transportation interruption during floods. 

 
Figure 7. Left abutment and approach to Solomon Bridge. Note that the approach has recently been inundated (flow 
right to left) by floodwaters. 
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Figure 8. Potential demonstration project(s) at Solomon Bridge. (flow is right to left) 

There are seven labels in Figure 8, next to two line colors, red and yellow. The red lines indicate the 
recommended locations of riprap berms, while the yellow lines indicate areas of fill. At location A, we 
propose a berm of properly sized riprap, extending from the left bridge abutment to a point well up on 
the floodplain. The purpose of this structure is to ‘catch’ the flow impinging on the left bridge approach 
at nearly a 90-degree angle, and direct it towards the bridge spans. We propose a second riprap berm at 
location B. This additional riprap should probably be at a higher elevation than the A line. It also begins 
at the left bridge abutment, wraps around the well structure, then ties into the flood plain near the 
roadway. The purpose of this riprap is to protect the upstream side of the filled roadway embankment. 

Reclamation proposes raising the roadway alignment between the floodplain (location B) and the bridge 
deck. Furthermore, we propose armoring the downstream side of the roadway embankment with a riprap 
revetment at location G. Completing the left side of the river is a riprap berm at location C. This berm 
will contain flows exiting the bridge, reducing expansion losses, in effect ‘pushing’ the river downstream. 
This will prevent backflow that could undermine the downstream portion of the bridge abutment. We 
propose three treatments to the right side of the bridge. First, at location D, we propose enhancing the 
riprap that already protects the right bridge abutment. At location E we also propose armoring with 
riprap, again as at location C, to prevent back flow and to ensure good sediment transport capacity 
downstream of the bridge. 

The effect of redirecting the river flow under the bridge at an enhanced incidence angle, using the 
methods prescribed at locations A, B, C, D, E, and G, is an increased potential for eroding the right bank 
of the river downstream of the Solomon Bridge. In that circumstance, we recommend installing bendway 
weirs at location F. These weir types are commonly used by the US Army Corps of Engineers and 
Reclamation to protect bendways and to increase mid-channel sediment transport capacity. Figure 9 
shows a bendway weir field and the theoretical flow redirection that can result. 
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Figure 9. Bendway weir field. (http://chl.wes.army.mil/research/hydstruc/bankprotect/bendweir/work.htp) 

Tools and Design Planning 
This section briefly describes the tools available to the Cooperators as they move forward from this study 
into direct investigations and plans for demonstration projects and associated designs. The tools are 
publicly available and utilized heavily by the Bureau of Reclamation. 

The tools fall into two categories: 1.) Data and information developed as tasks of this study; 2.) Analytical 
tools and references available from Reclamation, the US Army Corps of Engineers, other federal and 
state agencies, and private entities. 

Study Data 
The photogrammetry, orthophotographic mosaics, and associated digital terrain models (DTM’s) are the 
primary physical data produced in this study that will directly aid in the planning and design of 
demonstration projects. The conceptual level of design in this report is intended only to outline the type, 
location, purpose, and general configuration of a proposed demonstration project. The responsibility for 
developing these conceptual projects to the point of implementation is the Cooperators. Reclamation 
stands ready to assist. 

The DTM’s currently reside in the Denver Technical Service Center (TSC) in the form of the original 
DTM’s, that is the product of the Soft Copy photogrammetric process. The DTM’s are readily uploadable 
into Microstation or AutoCad software for civil engineering design and manipulation. In combination 
with the orthophotographs, the DTM’s are a powerful design base. 
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Tools 
There are several tools to aid in the design of riprap at bridges. A general background resource is 
“Streambank”, an interactive computer based manual produced by the US Army Corps of Engineers and 
published by VeriTech of Vicksburg, Mississippi. (VeriTech, 1998). The US Federal Highway 
Administration publishes Hydraulic Design Series Number 6, River Engineering for Highway 
Encroachments, Highways in the River Environment (FHWA NHI 01-004, 2001). 

The US Army Corps of Engineers have two particularly useful analytical tools, HEC-RAS, and 
CHANNEL PRO. HEC-RAS is the industry standard step backwater program. Reclamation produced 
HEC-RAS models as part of this study. The computer files are included in the report package. The 
purpose of HEC-RAS is to calculate depth and average channel velocity for a variety of flows and 
channel configurations. CHANNEL PRO is another USACE computational aid, implementing riprap 
design formulas in EM-1110. The aid is informally available from Reclamation. CHANNEL PRO 
produces standard gradations for riprap designs based upon the reach hydraulics (HEC-RAS) and 
geometry (DTM). The design flows for a range of return intervals, i.e. 100-yr flood, can be determined 
from the study report “Flood Frequency and Flow Duration Analyses – Arizona.” 

Methods 
A.) The riprap berm at location ‘A’ is a windrow berm as described in “Streambank” (VeriTech, 1998). 
The CHANNEL PRO computational aid is perfectly suited to design the riprap for the berm, once the 
alignment is determined. Reclamation suggests an elliptical shape with a 3:1 aspect ratio, the longer axis 
paralleling the desired streamlines of the flow directed under the Solomon Bridge. 

B.) Likewise, CHANNEL PRO is a suitable tool for enhancing the current un-engineered riprap lining 
the upstream side of the left approach abutment. 

C., D., & E.) Highways in the River Environment (FHWA, 2001) contains all of the procedures and 
techniques for designing the protection for both highway abutments. 

F.) Tools for designing the bendway weirs proposed at ‘F’ are less developed. Appendix C contains an 
unpublished US Army Corps of Engineers Design Guidance for Bendway Weirs. Reclamation finds this 
design guidance to be useful and conservative. 

BRIDGES AND LEVEES 

Integrating bridges into a setback levee system is critical to the overall success of a flood control program. 
Bridges are necessarily narrower than the floodplain. Therefore, allowance for narrowing the floodway 
from the setback levee width to the bridge span width is necessary. The best method is a streamlining of 
the levees as they enter and exit the bridge section. 

Figure 10 shows an example of how a levee setback scheme could be transitioned into and out of the 
Thatcher Bridge section. The contraction upstream of the bridge may be shorter than the expansion 
downstream. It is important to minimize energy losses in the downstream transition and maintain 
sediment transport capacity. Otherwise, sediment may accumulate in the main channel, causing the river 
to shift left or right onto the over channel and floodplain. A similar integration of levees with diversion 
dams is also necessary. 

Reclamation recommends that plans for demonstration projects that impact the flood control scheme in 
the study area undergo proper conception, design, regulatory input and review, and permitting. The 
channel widths suggested in Table 1 should serve as the beginning point of a standard flood control levee 
design. 
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Figure 10. Potential levee realignment at Thatcher Bridge. (Flow is left to right) 

DIVERSION DAMS 

There are several diversion dams in the Safford and Duncan valleys. In every case sediment has 
accumulated upstream of the dams, causing significant geomorphic impacts. The primary impact of the 
diversion dams is to reduce the slope and sediment transport capacity upstream, resulting in severe lateral 
channel migration and subsequent loss of property. The irrigation companies expend resources in the 
attempt to contain the river upstream of the diversion dams. The most visible example of this is the 
Graham Canal diversion outside of Safford. 

One option to mitigate these impacts would be to remove the diversion dams and replace them with 
infiltration galleries and pumps. Another intriguing option to the diversion dams is a partial replacement 
of the dams with inflatable gates or dams. This section provides some background on these types of 
dams, their geomorphic impact, and potential costs. 

The figures in this section originate with the Obermeyer Gate Company, and the US Army Corps of 
Engineers Cold Regions Research Laboratory and Bridgestone Rubber Company. The publications that 
were the source of the figures are freely available on the Web. Use of these figures or the mention of the 
companies that provide the gates, dams, or services, is not an endorsement by the Bureau of Reclamation, 
or the US Government. The purpose of using these figures is to present the concept of these type of 
inflatable dams. The authors are grateful to the Obermeyer Gate Company and the Bridgestone Rubber 
Company, as well as the Army Corps of Engineers for making these materials available on the web. The 
brochures from both of these companies are attached as Appendix A and Appendix B. 
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Figure 11

Figure 11. Obermeyer Gate. 

 shows a cutaway view of an Obermeyer gate. A cross section of the gate is visible in the 
cutaway section. These gates differ from inflatable dams with the inclusion of a gate flap placed upstream 
of and on top of the inflatable bladder. 

In contrast to the Obermeyer Gate, the rubber inflatable dam is another option. Figure 12 is a conceptual 
drawing of a rubber inflatable dam and components. The inflatable rubber dam does not have a gate flap. 
Instead the rubber dam relies on the strength of the rubber alone. The Corps of Engineers tested these 
types of dams in an ice environment. Obviously that is not the specific problem in Arizona. However, the 
Gila River is heavily laden with floating debris during floods. The behavior of the rubber dams under ice 
loading is an indicator of their ability to withstand floating debris. 
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Figure 12. Inflatable rubber dam. 

Figure 13

Figure 13. Obermeyer Gates on a concrete crest. Note independent operation of gate sections. 

 shows independent operation of Obermeyer Gate sections. This is a useful feature for 
maintaining head for irrigation diversion, while passing intermediate flood flows. 
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GRAHAM DIVERSION 

The Graham Canal Diversion Dam demonstrates the geomorphic consequences of interrupting the 
sediment budget in the Gila River. The current dam is roughly 300 feet wide, with an estimated hydraulic 
height of less than 10 feet. Figure 14 shows the area upstream of the diversion dam. The amount of land 
lost to erosion above the diversion is large. The maintenance costs associated with the diversion, namely 
excavating a channel to the headworks, and attempting to keep the river from flanking the structure 
entirely, are significant. 

 
Figure 14. Area view east of Safford, Arizona. Graham Canal diversion dam is the cause of property loss in this area. 

A potential partial solution is to replace a section of the fixed diversion dam with either an inflatable 
rubber dam or multiple sections of Obermeyer Gate. Figure 15 shows the diversion dam. The three 
colors represent sections of the dam. The red section is close to the headworks and should not be 
disturbed. The green section is the preferable section for replacement. It aligns well with the center of the 
channel, and could easily capture a large portion of intermediate flood flows. The yellow section is also a 
candidate for replacement. It is furthest from the headworks, and might need to be rebuilt in any case if 
the diversion dam is reconstructed. 

The idea of an inflatable dam or Obermeyer Gate is to facilitate both irrigation diversions during low 
flows and intermediate floods, as well as sediment transport during intermediate and larger floods. The 
inflatable operation allows the dam to divert flows at maximum head during low flows, then to deflate 
and allow sediment transport and maximum flow conveyance during floods. Transporting sediment past 
the dam reduces the potential for flanking of the diversion, especially on the descending limb of a flood. 
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Figure 15. Location of the Graham diversion dam, and potential sections for replacement with rubber inflatable dam 
or Obermeyer Gate. 

The rough costs for a Bridgestone Rubber Dam – 7.5 feet tall, 500 feet long – is $2M. The rough cost for 
a 15 feet tall, 165 feet long rubber dam – is $5.0M. Obermeyer Gates were not submitted for a rough bid. 

An economic comparison of inflatable rubber dams, Obermeyer Gates, or dam removal and replacem
with infiltration galleries and pumps should

ent 
 form the basis for a community discussion regarding the 

geomorphic impact of the diversion dams. 
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GENERALIZED MONITORING PLAN 

The purpose of this monitoring plan is to collect the data necessary to discern changes to the Gila River 
channel over time due to the implementation of channel and levee altering demonstration projects. The 
monitoring plan will also track the performance of these types of projects. 

DATA REQUIREMENTS 

The principle data required for this monitoring program are distance and elevation measurements for 
each cross section and a channel length measurement through each demonstration project reach. The 
distance and elevation data are best collected by a field survey between permanent monuments that have 
been established at the ends of the cross sections. Permanent monuments should be established at the 
ends of the cross sections at or near the prescribed coordinates. These monuments may consist of 
standard benchmarks or reinforcement bar set in concrete. The monuments should be sited in an area 
that is easily located, considered stable (roadway, local landmark, etc.), and is not prone to disturbance or 
vandalism. Detailed notes describing location and distances to nearby landmarks such as telephone poles, 
fence posts, bridge piers, trees, etc. should be developed for each cross section and incorporated into a 
permanent monitoring project database. 

Project Leaders should establish a project database to gather and archive monitoring data. The 
development and implementation of standardized data forms should also be considered to ensure the 
consistency of the data collected. In addition, the location (Lat/Long) as well as the distance and direction 
between the endpoint monuments should also be documented so that if a monument is lost, it can be 
reestablished without compromising the dataset for that cross section. 

Given the scope of this monitoring plan, once the monuments and the baseline conditions for each cross 
section have been established, the time required to acquire and process the data should not exceed more 
than 10 staff days annually. In order for the data collected as part of this monitoring plan to be utilized, a 
baseline dataset for each cross section must first be established. It is recommended that this baseline 
dataset be populated with data collected on a bi–monthly basis during the first year of monitoring 
following implementation of a demonstration project. These data should then be averaged to provide the 
baseline that would be considered representative of the current river conditions. 

After an initial baseline dataset is established, all cross section measurements should be repeated annually, 
on or about the same date. It is suggested that this survey be undertaken sometime in the fall because the 
base flow on the Gila River at this time of the year is low and the vegetation along the river has lost its 
leaves. Little or no flow and dormant vegetation will facilitate data collection and improve the quality of 
the survey data by increasing the accuracy of the channel geometry measurements and reducing random 
error incurred due to foliage on the vegetation. Surveying at this time of the year should document any 
changes along the river that may have resulted from flooding during the previous year. 

An assessment of the data collected should be performed at 5–year intervals. This assessment would 
establish the range of expected variability in annual measurements. Threshold criteria should be 
developed based on the baseline data collected during the first year and the sediment model predictions. 
The monitoring project should be continued for a minimum of 10 years. At the end of this period, the 
decision to continue monitoring of the project would be based on the result of the data assessment. 

The amount of measurable stream flow in the river at the time of the cross section surveys should be 
recorded. These values are available from the United States Geological Survey. A record of the stream 
flow during the period of the survey should be included with the cross section surveys in the monitoring 
program database. 
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In addition to distance and elevation data acquired in the field survey of the cross sections, the channel 
length in the monitored reach should also be determined. Channel length is extremely important to the 
data analysis, as it is required to accurately calculate the channel slope and derive representative thalweg 
profiles. It is also very important to understand that the channel length is not equivalent to the distance 
between the measured cross sections. The measure of channel length can be collected by two different 
methods, field survey or from aerial photography. Gathering this information can also be complicated if 
there is any significant flow in the river at the time of the survey. Some of these logistical problems can be 
eliminated by scheduling the field survey at a time when flow is low or non–existent, the vegetation has 
lost it leaves, and with the use of GPS survey equipment. 

It is strongly encouraged that aerial photography also be acquired on an annual basis coincident with the 
collection of channel geometry data (i.e., within several weeks). In addition to the invaluable record that it 
provides, aerial photography is more comprehensive in the sense of total data gathered and for 
documenting channel conditions that are not easily measured in the field. Information derived from aerial 
photography can add to and improve the quality of data in the database, and hence may be much more 
economical in terms of the incremental costs versus the data collected. 

The primary purposes for acquiring aerial photography are to detect and document changes in the 
channel plan form associated with meandering or channelization, evaluate vegetation conditions and to 
identify the location and derive a length for the channel between measured cross sections. Documenting 
changes in these parameters cannot be determined from survey data in the monitored cross sections 
alone. To gather this information in the field would be very time intensive and subject to numerous errors 
that could not be evaluated in later analyses. Most of this change occurred between the cross sections, so 
these changes might not have been documented in a field survey of channel geometry. At a minimum, the 
aerial photography acquired as part of this monitoring plan should include uncontrolled stereo coverage 
of the monitored reach flown at a scale of roughly 1:12,000 at least every five years and after every flood 
that exceeds the twenty year flood. With the placement of some permanent monuments, the photography 
could be rectified and utilized in later detailed analyses, should the occasion arise. While annual aerial 
photographic coverage of the monitored reaches would be optimal, it could potentially increase the 
program costs by as much as 50%. 

DATA ACQUISITION 

When surveying each cross section, the maximum distance between points in a cross section should not 
exceed 100 feet. A minimum number of 25 points, excluding end–points, should be surveyed in each 
cross section. Obviously, the more survey points collected, the more accurate the cross section. Changes 
in elevation across the flood plain or in the channel of more than 2 feet should be included in the survey 
so that topographic breaks can be accurately represented in a graphical depiction of the cross section. 
This is accomplished by surveying a point at the top and bottom of the break. In addition, the following 
details must be noted during the survey and included in the monitoring database. All references to right 
or left should be made in the context of the feature’s position while looking downstream. 
• The position of the vegetation on the right and left sides of the active channel; for example, left edge 

of vegetation (LEV) and right edge of vegetation (REV). Figure 16A illustrates the definitions and 
locations of these features. When the active channel of the river consists of multiple threads, measure 
the position of the LEV and REV for each channel thread. 

• The position of the channel bank on the right and left sides of the active channel. Because knowing 
the position of the top of the bank can be useful in analyzing other hydraulic characteristics of the 
river, the top edge of both banks should be noted. For example, top right bank (TRB) and top left 
bank (TLB), illustrated in Figure 16A. When the active channel of the river consists of multiple 
threads, measure the position of the TRB and TLB for each channel thread. Most banks will 
represent a topographic break in the cross section (see preceding paragraph), therefore a survey point 
should be measured at the base and top of each bank. 
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• The position of the left edge of water (LEW) and right edge of water (REW) when there is flow, 
illustrated in Figure 16A. When the active channel of the river consists of multiple threads, measure 
the position of the LEW and REW of each channel if flow is present. 

• The position of the channel thalweg, the lowest point in the active channel, as illustrated in 
A. Measure the thalweg in each channel of a river with multiple threads or channels. 

Figure 
16

Figure 16. A. Diagram showing typical cross section and placement of arbitrary horizontal datum. B. Diagram 
showing a cross section with a portion of the cross section above the datum. 

• The position of any boundaries or essentially permanent features in the cross section such as roads, 
fence lines, levee crests, bedrock outcrops, large trees, etc. 

Similarly, when surveying the channel length in the monitored reach, the maximum distance between 
points should be less than 100 feet. The channel length measurements should be collected as close to the 
thalweg as possible. Obviously, it would be advantageous to collect these data when there is little or no 
flow in the channel. Finally, each cross section should be photographed from both endpoints. Each pair 
of photographs should be annotated with the time, date, and cross section number and included with 
their respective cross section datasets in the monitoring program database. 
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DATA ANALYSIS 

The distance and elevation measurements from the cross section surveys and the channel length 
measurements collected from either the field survey or aerial photography will be used to assess the river 
conditions. Three basic parameters, the thalweg elevation, the cross sectional area, and the channel slope, 
developed using these data will be analyzed. These parameters are sensitive indicators of changes on the 
river that result from aggradation or erosion. The first parameter to be analyzed from these data is the 
thalweg elevation. The thalweg in a river channel is defined as a line connecting the lowest points along 
the channel bed. In this case, the thalweg elevation is defined as the lowest point in the active channel 
within each cross section. It is possible that the thalweg elevation will not coincide with the lowest point 
in the cross section. At several locations along the Gila River, the active channel of the river is perched so 
the bed elevation in the active channel is actually higher than in isolated or abandoned channels on the 
flood plain. In many cases, these abandoned channels or isolated back channels may only convey flow 
during large magnitude floods. Thus, it is extremely important that the position of the thalweg in the 
active channel be clearly noted in the cross section during the field survey and distinguished from 
secondary or paleochannels that may be present in the cross section. Figure 16 shows examples of this 
type of channel morphology. The position of the thalweg and secondary channels can also be determined 
on the aerial photography, thereby verifying field measurements and eliminating potential error resulting 
from field personnel unfamiliar with specific river characteristics and terminology. 

Monitoring changes in the thalweg elevation can be helpful in detecting increases or decreases in the bed 
elevation resulting from aggradation or erosion. Therefore, thalweg data is best evaluated in a time series 
analysis. However, numerous years of data need to be gathered before the analysis will be meaningful. 
Each year data can be compared to previous data sets to evaluate systematic changes or trends in the bed 
elevation that may result from either erosion or aggradation. The thalweg elevation data in a given cross 
section can also be compared to the thalweg elevation data in adjacent cross sections. A comparison of 
these data in each cross section in a given reach could indicate if changes are localized or reach–wide. 

The second parameter, the cross sectional area, can be evaluated using distance and elevation 
measurements in each cross section. The cross sectional area provides a means of measuring changes in 
the stored sediment in a given cross section. This value acts as a proxy for volume and is independent of 
such complicating factors as multi–thread channels, stream terraces of different ages, sand dunes, and 
vegetation encroachment. In this case, the cross sectional area simply represents the available space in the 
cross section measured between the ground surface in the cross section and a previously established 
horizontal datum for each particular cross section, as shown in Figure 16A. If the river aggrades in a 
particular cross section, the available space will decrease; if the cross section experiences erosion, the 
available space will increase. 

It is important to note that each cross section has its own unique horizontal datum and that all cross 
sectional areas calculated in a given cross section must utilize the horizontal datum established for that 
cross section. The datum is established at an arbitrary elevation in the cross section that is located as close 
to the ground surface as possible yet allows for all of the measured points in the cross section to fall 
below the datum, as shown in Figure 16A. This minimizes the area in the cross section to the point that 
small changes in the area from year–to–year are readily detected in the analysis. In some cross sections, 
the flood plain may be covered by high dunes or a channel may have migrated from one side of the cross 
section to the other leaving a higher isolated portion of an abandoned terrace in the cross section. In 
order to locate the datum at a minimal elevation and facilitate the area computations in the monitoring 
program, some areas of the cross section may lie above the datum, as shown in Figure 16B. In these 
particular cases, the area of the cross section above the datum is considered negative area. In the analysis, 
the negative area of the cross section would then be combined with the positive areas to derive the cross 
sectional area. 
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The computed cross sectional area derived from the above analysis is used to evaluate river conditions in 
two different ways. First, compare this value to previous area measurements at the same location to 
evaluate the magnitude of change within the cross section. Second, compare this value statistically to 
cross sectional areas measured in adjacent cross sections in the reach to detect any deviation in trends 
within a reach. Figure 16 illustrates how the cross sectional area simply represents the available space in 
the cross section. Therefore, if the river aggrades in a particular cross section or through a particular 
reach, the available space will decrease. Conversely, if the channel experiences any degradation as the 
result of either bank erosion or bed scour in the cross section, the available space will increase. 

The third parameter to be analyzed is channel slope or the thalweg profile. The channel slope is simply 
the change in the bed elevation over some distance along the channel. Changes in channel slope are 
closely related to the capability of the river to move sediment. The channel slope decreases as the channel 
aggrades and increases as it degrades. This is a broad generalization as channel slope is also dependent on 
other channel characteristics and stream flow. Therefore, it is important to understand which parameters 
are influencing the channel geometry and river behavior. The data required to calculate the channel slope 
includes channel length derived from either field survey or aerial photography and the thalweg elevations 
through the entire monitored reach. There are a variety of methods that may be employed to analyze this 
data. In this particular case, a time series comparison of thalweg profile or channel bed elevation plotted 
against the main channel distance should prove adequate. Again, it is important to recognize that the 
distance between cross sections is not necessarily equivalent to the channel length. 
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